Background -Maximal inspiratory pressure (MIP) is often relied upon as an index of inspiratory muscle strength, and reproducibility of MIP taken to indicate maximal effort. This study was designed to determine whether reproducibility is a valid indicator of maximal effort. Methods -Ten normal subjects were studied, all of whom were familiar with the MIP test but none was an experienced subject. They were told that the purpose was to measure how accurately they could generate 50% of their MIP. Each performed nine MIP efforts and nine submaximal efforts. Means and coefficients of variation of peak negative inspiratory pressure (Pmax) and the ranges ofthe best three efforts were calculated for each type.
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Results -Mean (SE) Pmax averaged -93 8 (6.0) cm H20 for the maximal efforts and -60-6 (7.7) cmH20 for the submaximal trials, with coefficients of variation averaging 8-71 (1X75)% and 14-58 (2.63)%, respectively and the ranges averaging 6X5 (1X1)% and 13X4 (3X5)%, respectively. There was no clear separation between the coefficients ofvariation or ranges ofmaximal and submaximal efforts For clinical purposes, if MIP is better than some arbitrary threshold value of perhaps -40 cm H20, a patient can be judged to have adequate inspiratory muscle strength. Thus, it is not always essential to be sure that a subject has made a truly maximal effort. For research, however, especially in the investigation of factors that could improve'l°or worsen" inspiratory muscle strength, precise and accurate measurements are crucial. We report the results of a study designed to determine whether reproducibility of MIP can be used to document maximal effort.
Methods
Ten normal subjects (nine men) were recruited from the medical house staff at Montefiore Medical Center and gave informed consent for the study procedures which were reviewed and approved by the Institutional Review Board for the protection of Human Subjects. All subjects were in good health, adequately nourished, and well rested at the time of the study. None was taking any sedative or hypnotic drug, but no effort was made to control previous intake of caffeine. All were familiar with the MIP test as it is used clinically, but none had been a subject for any previous pulmonary or respiratory muscle function studies. They were told that the purpose of the study was to determine how accurately they could generate 50% of their maximal inspiratory effort.
The MIP efforts were performed using the instrument described by Black and Hyatt'2 connected to one side of a differential pressure transducer (Model MP-45, Validyne Corp, Northridge, California, USA). The subjects were instructed to breathe out to residual volume (RV) prior to their inspiratory efforts, but we did not insist on prolonged expiratory efforts nor did we verify that they achieved RV.
To familiarise the subjects with the technique, each of them made at least three MIP efforts with visual feedback from the aneroid pressure gauge mounted on the instrument until they were confident that they had achieved their maximal inspiratory effort. Subsequently, with the pressure gauge masked, they attempted nine MIP efforts and nine 50% efforts, in groups of three, in random order. For MIP efforts they were asked to produce the strongest possible vacuum; for the 50% efforts they were asked to achieve as close as possible to a vacuum level that they perceived as 50% of their max- 123, Lotus Development Corp, Cambridge, Massachusetts, USA) and appropriate spreadsheet macros for automated analysis.
Peak negative inspiratory pressure (Pmax) and coefficient of variation of Pmax (CV = 100% x SD/mean) were calculated for each of the sets of nine efforts without visual feedback (maximal or submaximal). In addition, the range of pressure measurements was calculated for all nine efforts, the last three efforts, and the best three efforts in each group (maximal and submaximal). All ranges were expressed as percentages of the means. Data from all 10 subjects were tabulated and mean characteristics of maximal efforts were compared with those of submaximal (50%) efforts using the Student's t test for paired data.
Results
The mean (SE) age of the subjects was 29-0 (0-7) years, height 174-8 (2 5) cm, and weight 73-1 (4 4) kg. The characteristics of the maximal and submaximal efforts are compared in table 1. As expected, the maximal efforts were much stronger than the submaximal efforts. Although there was a trend toward lower coefficients of variation and ranges of Pmax among the maximal than the submaximal efforts (table 2), the differences were not significant and there was no clear separation of maximal from submaximal efforts (figure). In three ofthe 10 cases the coefficients ofvariation were higher for maximal than for submaximal efforts, and in four cases the ranges of the best three efforts were higher for maximal than for submaximal efforts. For these four subjects, the ranges oftheir best three submaximal efforts were substantially less than 5 cm H20 and less than 5% of their "best" effort -criteria that have been used to validate MIP results.2589 There was no significant relation between the percentage predicted Pmax values and their coefficients of variation or range, and the order in which the efforts were made also had no significant effect on their coefficient ofvariation or range.
Discussion
Complete or almost complete activation of diaphragm motor units has been documented during at least some MIP efforts of well motivated normal subjects using the twitch occlusion technique described by Bellemare and Bigland- Ritchie" and by Gandevia and McKenzie. '4 Virtually complete activation of phrenic motor units has also been demonstrated among stable, well motivated patients with chronic airways obstruction undergoing rigorous testing in a research environment.'5 However, complete activation is unlikely to occur during routine MIP measurements, at least among patients with chronic airways obstruction,'6 and it is difficult to assure high levels of motivation even of research subjects for studies in which MIP may not be the primary focus. measurements is usually relied upon to establish that the measured MIP reflects the maximal effort of the inspiratory muscles.
"Reproducibility" often remains undefined'367; when it is defined, it is usually as a range among the best three efforts of less than 5 cm H20 or less than 5% of the best effort.29 In a group of normal subjects we have shown that deliberately submaximal efforts are often reproducible enough to meet either definition. Thus, reproducibility of efforts does not prove that the efforts were truly maximal or even that they were close to maximal. This finding is consistent with that of Kroemer and Marras'7 who showed that deliberately submaximal contractions ofthe elbow flexors could be just as reproducible as maximal contractions.
Since we did not measure MIP by twitch occlusion we cannot be sure that all of our subjects activated their inspiratory muscles maximally during their "maximal" efforts. We may therefore have been comparing the reproducibility of two sets of submaximal efforts. 
